It has long been known that leaf trait trade-offs exist (Reich et al., 1992) and can be viewed collectively as a leaf economic spectrum (LES; Wright et al., 2004) that identifies a manifold of strategies successful (and thus selected for) within, and among, communities (Falster et al., 2012) . In short, a rapid return on investment ('fast' economic strategy; Reich, 2014 ) is typically associated with leaves with shorter longevity, higher nutrient concentrations and gas exchange rates, and thinner and/or less dense leaves (lower leaf mass per area, or LMA); with a slower return on investment associated with the opposite set of traits (Reich et al., 1992 (Reich et al., , 1997 Wright et al., 2004) . Taxa with the 'fast' strategy are often more successful in higher resource micro-environments in time and space, and slow strategy taxa the reverse (Reich, 2014; Kunstler et al., 2016) . However, the anatomical, morphological, and structural mechanisms underpinning the LES have received far more conceptual than empirical consideration. In a paper in this issue of New Phytologist, Onoda et al. (pp. 1447 Onoda et al. (pp. -1463 empirically tackle several questions about those underlying mechanisms and, in so doing, help advance our understanding of the anatomical and physiological relationships underpinning the LES, while perhaps involuntarily, also raising important questions about what drives these trade-off relationships. What is most novel about their study is the bringing together of considerable data on rarely measured leaf traits, assessing both chemical (e.g. nitrogen (N) allocation) and diffusive (mesophyll conductance) constraints at the same time, and identifying a key role for cell-wall thickness in both of these. Fig. 1 outlines LES relationships already well demonstrated (black lines), newer relationships (red lines) shown first or bolstered by Onoda et al., and how sets of relationships might influence other sets (green arrows).
Arguments have been made that the LES is strong because certain leaf economic 'design choices' involving LMA have unavoidable consequences for carbon (C) gain (Reich et al., 1998) . For example, slow return on investment strategies are associated with low returns per unit time on investment in leaf nutrients (e.g. low instantaneous photosynthetic N-use efficiency, PNUE; Fig. 1e ), but spread over a long period of time (Westoby et al., 2000; Falster et al., 2012; Fig. 1c) . This low PNUE in 'slow' strategy plants may be due to a greater proportional allocation of C and N to structural than metabolic components of the leaf in high LMA leaves , and to the associated higher mesophyll diffusive limitations Terashima et al., 2011) . Onoda et al. provide support for these assertions by showing that greater proportional allocation of C and N to cell walls (i.e. structure), rather than to photosynthetic machinery, is positively related to LMA and increases diffusive limitations (low mesophyll conductance). Their results provide general support for related ideas and evidence in the literature (Flexas et al., 2012; Funk et al., 2013; Tomas et al., 2013; Tosens et al., 2015; John et al., 2017) .
'What is most novel about their study is the bringing together of considerable data on rarely measured leaf traits, assessing both chemical and diffusive constraints at the same time, and identifying a key role for cell-wall thickness in both of these.'
Onoda et al. revealed that the leaf dry mass found in cell walls per unit leaf area scaled with an exponent > 1 in relation to LMA (total mass per unit area). Thus, higher LMA leaves have a greater fraction of C allocated to cell walls (Fig. 1a) . Additionally, high LMA, cellwall rich leaves are also disproportionately tough (high mechanical resistance, Onoda et al.) . This supports the hypothesis that long lifespan, high LMA leaves are structurally different and physically tougher than short lifespan, low LMA leaves; and are not just the 'scaled up' version of low LMA leaves with the same kind of tissue piled on deeper and higher.
Along with this, Onoda et al. also reported that cell-wall rich, high LMA leaves also had thicker cell walls and a greater fraction of leaf N distributed in cell walls (Fig. 1a) . In addition, they report a lower total leaf N concentration and a smaller N fraction allocated to photosynthetic pursuits (Fig. 1b) , as well as lower within-leaf gas mesophyll conductance (Fig. 1d) . These collectively result in lower photosynthesis per unit C (or mass) and per unit N (Fig. 1b,d ) in higher LMA leaves. However, across sites and species, photosynthesis per unit area does not consistently vary in relation to LMA (Fig. 1b) ; this is partly because a greater amount of mass offsets lower photosynthesis per unit mass, but it is also due to contradictory relationships between these traits across habitats. The high LMA of long-lived leaves (Fig. 1f) , and that long-lived leaves may have a higher lifetime C-and N-use efficiency (Falster et al., 2012) (Fig. 1c) , has led ecologists to assume the LES to be underpinned by both structural vs metabolic trade-offs and temporal trade-offs in the return on investment. The findings of Onoda et al. provide support for these long-held theoretical assumptions.
One issue that captured our attention was whether leaf lifespan is a consequence or a cause of the structural vs metabolic trade-offs examined by Onoda et conceptual diagram (their Fig. 1 ) that shows leaf lifespan as a direct consequence of LMA (and specifically a consequence of the physical strength bound up in cell walls) and as otherwise unconnected to N allocation, N use, or internal conductance. As this issue is otherwise little discussed in their paper it is unclear how seriously they want readers to take this point. Nonetheless, they also write 'High LMA and high cell wall mass are required for long leaf lifespan' and 'long leaf lifespans are achieved via higher LMA'; an analogy from human construction might be that a wooden house will be sturdier and survive longer if the framing is made of thicker, denser boards spaced more closely together. However, although these views seem reasonable on the surface, we wonder just how strong is the evidence that LMA controls leaf lifespan? (We will leave the question of whether house longevity is a function of original structure or of strategic economic decisions about continued maintenance, to the structural engineering community.)
There is some evidence that plants can achieve longer lifespan without higher LMA or greater investments in cell walls. For example, within a species, leaves on either branches or individual plants in deeper shade have longer leaf lifespan (Reich et al., 1992 despite lower LMA and despite lower tissue density . Although this evidence is largely intra-specific rather than inter-specific, it does suggest that leaf longevity is not solely physically regulated by LMA.
In the majority of cases, plants retain control over the timing of leaf death -chlorophyll is carefully disassembled and some fraction of soluble nutrients are withdrawn, and the leaf is abscised by the plant (trees, herbs) or left as standing dead (grasses). Think of all of the leaves you have seen senescing or recently fallen (many colours in temperate deciduous forests, usually brown elsewhere) but physically intact. That is because the lifespan of a leaf is usually truncated by the plant before physical and biological weathering causes disintegration. Decreasing the probability of being eaten or torn apart by wind, rain, and ice (by being tough, having high LMA and low %N) would increase the likelihood of survival of individual leaves and thus enhance the lifetime resource-use efficiency of investments, but whether that in fact dictates the longevity is not known. Perhaps, on the contrary, tough high-LMA leaves with major investments in cell walls may be part of the design that maximizes the fitness benefits of a slow LES strategy, and may possibly constrain a maximum longevity that is longer than the typically realized lifetime, but have little to do with the actual realized longevity.
Undoubtedly, the observations by Onoda et al. of differences in N allocation and mesophyll conductance of species that vary in LMA and leaf lifespan are part of the trait trade-off made by species with 'fast' vs 'slow' strategies and directly impact instantaneous PNUE. But whether leaf lifespan as a strategic design element is driving the anatomical, structural, allocation and metabolic tradeoffs or is a consequence of those (Fig. 1) 
